Initial treatment for amblyopia of the fellow eye with patching and atropine sulfate eyedrops improves visual acuity. Long-term data on the durability of treatment benefit are needed.
pine sulfate eyedrops, and Bangerter filters to the fellow eye have been shown to improve the vision of the amblyopic eye. [3] [4] [5] [6] Regression after cessation of treatment for amblyopia occurs in some patients, thereby reducing the lifetime benefit of therapy. [7] [8] [9] [10] [11] [12] Prospective long-term outcome data evaluating the durability of the treatment benefit are important. The Pediatric Eye Disease Investigator Group (PEDIG) initiated a randomized clinical trial (RCT) in 1999 comparing patching (6 h/d to full-time daily patching in the fellow eye) with atropine sulfate eyedrops, 1% (1 drop daily in the fellow eye), as treatments for moderate amblyopia (20/40 to 20/100) in children younger than 7 years. 3 After 6 months, mean improvement of about 3 logMAR lines in the visual acuity of the amblyopic eye was present in both treatment groups. After the initial 6-month treatment phase, the investigators at their discretion could switch, combine, or adjust the dosage of amblyopia treatment. From 6 months to 2 years, additional improvement in visual acuity (mean of 0.7 logMAR lines) occurred in both original treatment groups. However, only approximately 50% of amblyopic eyes were 20/25 or better at the 2-year outcome. 13 At the next study outcome examination at 10 years of age, the treatment benefit was maintained, with 46% of amblyopic eyes having visual acuity of 20/25 or better. 14 In this report we evaluate visual acuity of the amblyopic and fellow eyes and stereoacuity for the participants when examined at 15 years of age.
Methods
The full study protocol has been detailed in prior publications. 3, 13 A brief summary of the protocol follows. The protocol and informed consent forms compliant with the Health Insurance Portability and Accountability Act were approved by the institutional review boards of the clinical sites. The study adhered to the tenets of the Declaration of Helsinki, and oversight was provided by an independent data and safety monitoring committee. Written informed consent was obtained from the parent or the guardian for the RCT and updated to continue follow-up through 15 years of age. Eligibility criteria for the RCT included being younger than 7 years, having visual acuity in the amblyopic eye of 20/40 to 20/100 and visual acuity in the fellow eye of 20/40 or better, interocular acuity difference (IOD) of 3 or more logMAR lines, and the presence or the history of an amblyogenic factor meeting the study-specified criteria for strabismus and/or anisometropia. 3 The RCT included 419 children randomly assigned to patching (6 h/d to full-time every day at the discretion of the investigator) or atropine sulfate eyedrops, 1%, 1 drop once daily). During the first 6 months, the children continued to receive their randomized treatment. A protocol-specified masked outcome examination was conducted 6 months after randomization. From 6 months to 2 years, the protocol allowed amblyopia treatment at the discretion of the investigator but specified that participants were to be examined at least once every 6 months, with another masked outcome examination occurring 2 years after randomization.
At the time of the 2-year examination, parents of children from a subset of participating sites (those with >5 children enrolled and continuing with other PEDIG protocols) were invited to enter a long-term extension phase; parents of 188 children agreed to continued participation. All treatment prescribed after the first 2 years was determined by the investigator. Testing conducted at 10 and 15 years of age (10-and 15-year examinations) included measurement of visual acuity, manifest and cycloplegic refractions (as described below depending on visual acuity and changes in refraction), assessment of ocular alignment using the simultaneous prism and cover test at distance and near fixation, and an assessment of stereoacuity with the Randot Preschool Stereoacuity Test (Stereo Optical Company).
Visual Acuity Testing
During the initial phase of the study through 2 years of followup, visual acuity was measured with the single-surrounded Amblyopia Treatment Study protocol (ATS-HOTV). 15 At 10 and 15 years of age, visual acuity was measured by a studycertified vision tester with an electronic modification of the testing protocol developed for the Early Treatment Diabetic Retinopathy Study (electronic ETDRS). 16 At the 15-year examination, if visual acuity in either eye was worse than 20/20 (<83 letters) or if an IOD between the eyes of 5 or more letters was found, a manifest refraction was performed that included dry retinoscopy with subjective refinement. Acuity testing was repeated using the manifest refraction for an eye that had a difference between the manifest refraction and the correction used for initial testing that met 1 or more of the following criteria: decrease of at least 0.25 diopters (D) in hyperopia; increase of at least 0.25 D in myopia; change of at least 0.50 D in cylinder power; and change of at least 10°in axis.
If visual acuity on the initial test and after retest using the manifest refraction was worse than 20/20 or if the difference between the initial and retest visual acuities was at least 5 letters, a cycloplegic refraction was performed after completing stereoacuity and ocular motility testing. Visual acuity was tested a third time in eyes that had a difference between the manifest refraction and the cycloplegic refraction that met the same criteria as noted above. The best visual acuity obtained at the visit was used in the analysis.
Statistical Analysis
Differences in participant characteristics for those completing the 15-year examination vs those randomized who did not complete the 15-year examination were evaluated to assess the potential for bias. Visual acuities in the amblyopic and fellow eyes were compared between randomized treatment groups as continuous variables in analysis-of-covariance models adjusted for baseline acuity. A logistic regression model was used to compare the proportions of eyes in each treatment group with visual acuity in the amblyopic eye of 20/25 or better. Five participants who completed the 15-year outcome examination but had visual acuity tested with a method other than the electronic ETDRS protocol were not included in the primary visual acuity results. An analysis that included the visual acuity data from these 5 participants produced results similar to those of the primary analysis (data not shown). The exact Wilcoxon rank sum test was used to compare stereoacuity scores at the 15-year examination by randomized treatment group.
We evaluated changes in visual acuity between the 10-and the 15-year examinations with paired-sample t tests. The associations between visual acuity in the amblyopic eye at the 15-year examination outcome and baseline variables (sex, cause of amblyopia, age at randomization, and prior treatment) were evaluated in linear regression models adjusted for baseline visual acuity. Visual acuity scores are reported in logMAR units. Interocular acuity differences and changes in visual acuity are reported in logMAR lines.
Results
The 15-year examination was completed by 152 of the 188 participants (80.9%). Their mean age was 5.1 (range, 2.6-7.0) years at enrollment and 15.3 (range, 14.8-17 .1) years at the time of the 15-year examination; 41.5% were female. The mean visual acuity of the amblyopic eyes at the time of entry into the RCT was 0.53 logMAR (approximately 20/63), with a mean IOD of 4.5 lines. This cohort was comparable to randomized participants who did not complete the 15-year examination in terms of age, cause of amblyopia (anisometropia, strabismus, or a combination), baseline visual acuities in the amblyopic and fellow eyes, baseline IOD in visual acuity, baseline mean spherical equivalent refractive error, treatment before randomization, and randomized treatment group (Supplement [eTable 1]). However, participants who completed the 15-year examination had better visual acuity in the amblyopic eye at the 2-year outcome examination than those who did not (mean logMAR acuity, 0.13 vs 0.19) and were more likely to be white (89.1% vs 80.1%) and male (58.5% vs 50.4%).
Treatment Prescribed
Between the 10-and 15-year examinations, 9 participants (6.1%) were prescribed treatment for amblyopia other than optical correction (4, patching only; 2, atropine only; 1, patching and atropine; and 2, patching, atropine, and Bangerter filters). No participant was prescribed amblyopia treatment at the 15-year examination.
Visual Acuity
The mean visual acuity in the amblyopic eye at the 15-year examination in 147 patients was 0.14 logMAR (approximately 20/ 25); 59.9% of amblyopic eyes had acuity of 20/25 or better and 33.3% had 20/20 or better ( Table 1) . The mean visual acuity in the fellow eye was −0.07 logMAR (approximately 20/16). The mean IOD was 0.21 logMAR (2.1 logMAR lines), with 48.3% having an IOD of 2 or more lines and 71.4% having an IOD of 1 or more lines ( Table 2) .
Visual acuity in the amblyopic eye at the 15-year examination was similar in the 2 original treatment groups (difference in mean visual acuity between the treatment groups adjusted for baseline acuity +0.02 logMAR [95% CI, −0.03 to +0.07]; P = .44 for difference in mean visual acuity) ( Table 3) . Visual acuity in the amblyopic eye was 20/25 or better in 61% of participants originally prescribed patching and 58% of participants originally prescribed atropine (P = .27). Mean visual acuity in the fellow eye was −0.08 logMAR in participants origi- nally prescribed patching and −0.07 logMAR in participants originally prescribed atropine eyedrops (approximately 20/ 16); the difference in mean visual acuity of the fellow eyes between the treatment groups adjusted for baseline acuity was +0.01 logMAR (95% CI, −0.01 to +0.03; P = .43). The mean IOD measured with the electronic ETDRS protocol was similar at the 10-and 15-year examinations (2.0 and 2.1 logMAR lines, respectively; P = .39) (Figure) . A small improvement from 10 to 15 years of age was noted for the amblyopic eye (mean, 0. In a multivariate model, younger age at the time of entry into the RCT was associated with better amblyopic eye visual acuity at the 15-year examination. Mean visual acuity in the amblyopic eye at the 15-year examination was 0.09 logMAR (approximately 20/25) in the 63 participants younger than 5 years at randomization compared with 0.18 logMAR (approximately 20/32) in the 83 participants aged 5 to 6 years (P < .001) (Supplement [eFigure 2]). Better baseline visual acuity in the amblyopic eye was associated with better visual acuity at 15 years of age (P < .001) (Supplement [eTable 3]). No apparent relation existed between the cause of amblyopia (strabismus, anisometropia, or a combination), sex, or whether or not treatment was prescribed before study enrollment and the visual acuity outcome at 15 years of age (P = .33, P = .63, and P = .13, respectively) (Supplement [eTable 3]).
Stereoacuity at the 15-Year Examination
Results of the Randot Preschool Stereoacuity Test at the 15-year examination were better than 800 arcseconds in 42.5% of all participants and better than 800 arcseconds in 64.2% of participants classified at 15 years of age as having no ocular deviation at distance or near. Stereoacuity of 60 arcseconds or better was found in 13.7% of all participants and in 23.5% classified as having no ocular deviation at distance or near. Re- b Indicates treatment group at time of randomization. Unless otherwise indicated, data are expressed as number (percentage) of participants. c Difference between randomized treatment groups in mean logMAR acuity at the 15-year examination was +0.02 (95% CI, −0.03 to +0.07) for the amblyopic eye and +0.01 (−0.01 to +0.03) for the fellow eye, adjusted for baseline visual acuity in an analysis-of-covariance model. A positive difference indicates that the mean visual acuity score of the patching group was better than the mean score of the atropine group after adjusting for baseline.
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Treatment of Moderate Amblyopia sults were similar for the 2 treatment groups (P = .44 for all participants and P = .85 for those with no ocular deviation at 15 years of age) ( Table 4) .
Discussion
The improvement achieved with patching or atropine treatment for moderate amblyopia (20/40 to 20/100) due to strabismus, anisometropia, or both when initiated before age 7 years was maintained from 10 to 15 years of age. We found no deterioration in the visual acuity of the amblyopic eye between the 10-(mean, 0.16 logMAR) and 15-year (mean, 0.14 logMAR) examinations. The mean visual acuity of amblyopic eyes was about 20/25. Almost 60% of amblyopic eyes had visual acuity of 20/25 or better.
The maintenance of improvement seen in our study is similar to that seen in prior studies of long-term follow-up of amblyopia treatment. Leiba Outcomes were similar in the original atropine and patching treatment groups. As at 10 years of age, the visual acuity outcome at 15 years of age was slightly better in participants who were aged 3 to 4 years at enrollment compared with those aged 5 to 6 years.
14 Younger age at initiation of treatment might be advantageous if plasticity decreases with age or if a shorter duration of amblyogenic insult reduces the severity of the effect on the visual sensory system, resulting in the significant effect of younger age on treatment outcomes at the 10-and 15-year examinations. Although we did not observe an age relationship between age at initiation of treatment and final visual acuity at 6 months and 2 years after randomization in the full randomized cohort, 3,13 a meta-analysis from 4 other PEDIG studies found greater improvement with younger age. 18 Our data suggest that the younger participants continued to improve after the 2-year postrandomization examination. Our study design included measurement of stereoacuity to determine whether amblyopia treatments had different effects on the development of binocularity. Simons et al 19 suggested a beneficial effect of atropine in a nonrandomized study using various atropine dosages. Conversely, Kushner 20 voiced concern about a possible negative effect of persistent cycloplegia on binocularity. At the 10-year outcome examination, a previous PEDIG study 14 found no difference in stereoacuity outcome between children originally treated with patching and those originally treated with atropine. The results at the 15-year examination are similarly reassuring because they show no difference in stereoacuity by original treatment for the entire cohort or for participants with no ocular deviation at 15 years of age. In a previous report from the PEDIG 3 after 6 months of treatment, more participants in the atropine-treated group than in the patching group had a transient reduction in visual acuity of the fellow eye. The investigators concluded that much of this reduction was due to persistent cycloplegia and consequently incorrect spectacle correction at the time the vision was measured. Further support for this conclusion comes from the absence of a difference in visual acuity in the fellow eye by treatment group at each of the planned 2-year, 13 10-year, 14 and 15-year outcome examinations.
Our results are subject to potential selection bias in that participants had better visual acuity in the amblyopic eye at the 2-year outcome examination than nonparticipants (mean of about 3 letters better).
14 As a result, our observed visual acuity in the amblyopic eyes at the 15-year examination may be slightly biased toward better acuity. We could not identify other sources of bias to explain our findings. Visual acuity testing was performed with a standardized protocol to ensure consistency across sites.
Conclusions
The improvement in visual acuity achieved in amblyopic eyes by 10 years of age is maintained at age 15 years, although mild residual amblyopia is common, after treatment for amblyopia initiated before age 7 years. The outcome is similar regardless of whether the initial treatment prescribed consisted of atropine eyedrops or patching.
